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Abstract- In the field of high-power medium-voltage energy management, multilevel inverter technology has 

recently emerged as a very effective alternative. A multilevel inverter's basic principle is to achieve higher power by 

using a set of power semiconductor switches with many lower voltage dc sources to transform violence and obtain a 

waveform of staircase voltage. This paper presents the essential topology for electric/hybrid electric vehicle 

applications. This cascaded multilevel inverter uses IN-PHASE SVPWM, the most applicable control and 

modulation methods developed for the inverter family. The simulation is performed using MATLAB software for 

the above form. It obtains a five-level output with a THD value of 8.49 percent. 

Keywords-Multilevel Cascaded Inverter, SVPWM, Topology, MATLAB, Automobile 

 

1. INTRODUCTION 

 

       Recently established domestic policy priorities, 

global effects, energy independence, nation-

development and climate-changing factors that drive us 

to implement modern electric and hybrid electric 

vehicle (EV or HEV) technology [1][2]. For their high 

efficiency and reduced emissions, policymakers are 

beginning to encourage both hybrid electric and 

electric cars. An electric motor and/or a power inverter 

is required in motor vehicles that use batteries to hold a 

charge (EVs). High peak power, optimum energy 

consumption, and inexpensive circuit, low output 

harmonics are required for power inverters. Such 

inverters range from traditional simple 3-level inverters 

to upgraded inverters. Multilevel inverters have 

significant influence among them, and since 1975 the 

concept of multilevel inverters has been introduced. 

Electronic power converters are also commonly used to 

apply industrial power for service and drive 

applications [3][5]. In recent years, industrial power 

requirements have increased from low voltage to 

megawatt power levels for a medium voltage grid. 

Today, connecting a single switch directly is a 

challenge. As a result, multilevel converters for 

medium voltage and high-power situations have 

emerged as an alternative option. Each input or output 

link can be produced by traditional power electronic 

converters between two possible voltage (or three 

possible currents) levels, namely those of the internal 

DC voltage (or current) connection [6]. As the power  

 

level increases, the voltage level increases in multilevel 

inverters to obtain satisfactory performance. High 

power efficiency, high voltage capacity, low switching 

loss and low switching loss are characteristics. EMC 

issues and was chosen for static var compensator and 

large electrical drives as the best alternative. It is 

possible to implement a multilevel inverter in various 

ways[8] each with its bonuses and drawbacks. The 

most straightforward technique involves the attachment 

of converters in parallel or series to form multilevel 

waveforms. An extension of two-level methods [9] is 

the PWM of multilevel converters. A new cascade 

multilevel inverter for applying electric vehicles and 

hybrid electric vehicles, using only one dc source, is 

included in this paper. It is also easy to solve all the 

drawbacks of the current topology. Power supplies are 

historically required by each inverter in a cascaded 

multilevel inverter. A standard inverter (one leg for 

each phase) and then an H-bridge through series with 

each point, which are then cascaded, are being used in 

the proposed multilevel H-bridge. Another important 

advantage of this topology is the absence of large 

resonant spectra. A digital modulation scheme is used 

to produce five-level signals with power 

modulation[10-16]. 

 

2. INVERTER MULTILEVEL TOPOLOGIES  

 

       The selection for each application of the best 

multilevel topology is often not straightforward and is 

subject to numerous engineering tradeoffs. It leads to 

the DC/AC multilevel power conversion technologies 

that do not require power generation by narrowing this 
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analysis. Multilevel inverters differ dramatically from 

ordinary inverters, where only two levels are generated. 

Semiconductor devices are not serially attached to a 

single high-voltage switch. Each group of devices 

contributes to a phase in the waveform of the output 

voltage [7]. To achieve an almost sinusoidal waveform, 

the steps are increased. For each degree rise, the 

number of switches involved is increased. With the 

three-level converter[4], the word multilevel started. 

Several multilevel converter topologies were 

subsequently created, 

 Mentioned below are the various multilevel 

topologies. 

 Multilevel inverter with diode-clamped 

 Multilevel inverter Capacitor-clamped 

 Multilevel Inverter Cascaded 

      The suggested approach uses a cascaded high-side 

switch-based inverter constructed using a single linear 

power source. 

 

2.1 Multilevel Inverter H Bridge Cascaded 

 

        The cascaded multilevel inverter is nothing other 

than the inverter capable of generating the desired 

voltage from several independent DC voltage sources 

such as fuel cells, solar cells and batteries, etc. In high-

power AC supplies and adjustable-speed drive 

applications, this configuration has recently become the 

most common topology. In electric vehicles, where 

several batteries or ultra-capacitors are well suited to 

serve as SDCSs, cascaded inverters have also been 

proposed for use as the main traction drive. The 

cascaded inverter could also serve as an electric vehicle 

battery rectifier/charger. In contrast, the vehicle was 

connected to an AC supply. Additionally, in a car that 

uses regenerative braking, the cascade inverter will 

serve as a rectifier. 

      This converter can avoid extra clamping diodes or 

voltage balancing capacitors. But for each level, the 

topology mentioned above needs separate dc sources, 

which decreases the significance of this topology. In 

this section, a new topology with a single dc source is 

implemented to overcome this drawback. A cascade of 

low voltage H-bridges, each with independent and 

isolated dc sources, is used in this topology. The output 

phase voltage is synthesized by the sum of the H-

bridge series plus one. One of the main advantages of 

this approach is that without any new components, the 

output number can be further increased, requiring only 

dc sources with different voltage levels. The following 

are the advantages of the cascaded multilevel H-bridge 

converter: The series structure allows a scalable, 

modularized circuit layout and packaging because of 

each H-bridge's identical design. 

There are no additional clamping diodes or voltage 

balancing capacitors required. 

        The main drawback of this topology is that, for 

real power conversions, it needs separate dc sources, 

thereby limiting its applications. By using the 

suggested topology, this drawback can be overcome. A 

multilevel inverter of cascaded H bridges involves a 

three-voltage source inverter, a H bridge of series with 

each phase, and a single dc source. The three-phase 

inverter in this topology consists of a single dc source 

and capacitors supplied to each connected H bridge. 

The output generated depends on the charging and 

discharging of each h-bridge capacitor. Let us consider 

a single-phase topology to explain the operation of the 

above topology. An h bridge is an electronic circuit 

that allows either direction of a voltage to be applied 

across a load. These circuits maintain a link between 

digital circuitry and mechanical action. They are often 

used to enable the dc motor to run in robotics and other 

applications. Here, an inductor for electric or hybrid 

electric inverter less H bridge multilevel boost inverter. 

There is a proposed vehicle. Each H-Bridge 

traditionally consists of a separate source for DC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Proposed five-level cascaded multilevel inverter 

 

     But an H-bridge with a capacitor in sequence with 

each H-bridge leg and a standard three leg inverter is 

being used in this developed framework. To obtain a 

five-level output, a simple switching scheme is used 

here. The basic block diagram of the proposed power 

converter is depicted in Fig 1. Here, to clarify the 

operation, we assume a single step topology followed 

by operation modes. Simultaneous operation of 

S1,S4,S6,S6 switches a1,1,a1,3 b1,3,b1,4 generates a 

voltage output of VDC. This voltage is going to be 

+VDC. Similarly, when the S1,S4,S6 a 1,1,a1,4 

b1,3,b1,4 switch generates an output voltage of 2VDC. 

This voltage is going to become -2VDC. Thus, through 

inverter legs is linked in sequence, and each leg 

receives power from a full H-Bridge. In measuring the 
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voltage of a capacitor, the switch is assumed to have 

been complete when the voltage is at its peak. Below, 

the straightforward operation of different modes is 

clarified. 

 

2.2 N Stage Inverter Single Phase Topology 

 

     The single-phase structure of the DC-AC cascaded 

n-level inverter is shown in Fig 2. With the assistance 

of switching actions, the circuit works. Following the 

switching behaviour, the outputs are produced. If the 

S5 switch is closed in the inverter at the bottom level, 

the output voltage of V1 will be VDC/2. Similarly, if 

the S6 switch is closed, the V1 output will be -VDC/2. 

This output is provided to the H-bridge supplied by the 

voltage of the capacitor. The switch is attached to the 

capacitor and switches are closed. 

      Similarly, H-bridge switch S1 is attached to field, 

and switch S4 is locked. The switches S 1 and S 4, or S 

2 and S 3 are in lock while the input voltage is 0. To 

demonstrate how the staircase voltage is synthesized, 

point o is known as the output step voltage reference 

point. In the table, state 1 indicates that the switch is 

on, and state 0 means the button is off. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2  single-phase topology of N level inverter 

 

       There exist four In each step, there are four 

complementary switch pairs, i.e., S1-S5, S2-S6, S3-S7 

and S4-S8. A staircase waveform output is generated 

with a sinusoidal load current waveform in this inverter 

that uses simple frequency switching modulation 

power.  

       Accordingly, the capacitor voltage control depends 

on the phase angle difference of the output voltage and 

current; otherwise, the inverter's highest output ac 

voltage depends on the load's displacement power 

factor. The Fourier coefficients are 
       

 ( )     +∑   
 
      (   t) +     (   t) 

 

 

       In which n = 1, 3, 5, 7... When normalized 

concerning VDC, the magnitudes of the Fourier 

coefficients are as follows: 

 

An=  (a2n+b
2
n),  n=tan

-1
bn 

 

       By using the proposed hybrid form, the switching 

angles   1,  2,...     three can be chosen optimally. 

      In the following section, the inverter's operation 

during closed switches S5, S2 and S3 is defined. 

     Until switch S5 must be closed, the VDC voltage at 

the bottom inverter is halved. This loop is coupled into 

an H-bridge and controlled by a capacitor. The 

capacitor is charged to a value equivalent to twice 

VDC, and then the voltage can be changed on the H-

bridge to balance the switches. Output 0 implies a 

closed S1 and S 4is. This portion explains the operation 

of the multilevel inverter mode with secure switches 

and switches. The inverter's output voltage at the 

bottom is when the control is closed (concerning the 

ground). This loop is coupled into an H-bridge and 

controlled by a capacitor. The capacitor is charged to 

an appropriate amount. The H-bridge voltage output 

would be adjusted to the switches, and the relays will 

be locked. Output 0 means output and is closed. To 

generate a better sinusoidal voltage waveform, the 

number of levels selected is high. The other modes are 

controlled similarly. The proposed controller predicts 

the switching angle based on the inverter output 

voltage, reducing the harmonic material present in the 

inverter output voltage 

Table 1 Comparison Table of Various Multilevel 

Inverters 

 Diode Capacitor  

Configurati

on 

clamped clamped cascaded 

Main switch 2(m-1) 2(m-1) 2(m-1) 

Main diode 2(m-1) 2(m-1) 2(m-1) 

Clamping 
diode Dc 

bus 

(m-1)(m-
2) 

0 0 

Capacitor 

Balancing 

(m-1) (m-1) (m-1)/2 

Capacitor 0 (m-1)(m-

2)/2 

0 

       The above table 1 shows the various comparisons 

of multilevel inverter topologies. The comparison of 

these topologies with the proposed five-level multilevel 

topology is as below. 
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Table 2 Comparison for Five Level Multilevel 

Topologies with Proposed System 

Inverter 
Configura
tion Main 

switch 

DCM
LI 

FCM
LI 

CMLI 
with 

multipl
e 

source 

CMLI 
With 

Single 
source 

 8 8 8 8 

Main 
diode 

8 8 8 8 

Clamping 
diode Dc 

bus 

12 0 0 0 

Capacitor 
Balancing 

4 4 2 2 

Capacitor 0 6 0 0 

       It is evident from the above tabulation 2 that 

multilevel cascade inverter is better than other 

topologies with a single Dc supply. By controlling the 

conduction angles at various inverter stages, minimal 

harmonic distortion can be obtained. The total 

distortion of harmonics (THD) is defined in terms of 

the harmonics' amplitudes (Hn) at frequency nw0, 

where w0 is the frequency of the essential component 

with an integer amplitude of H1 and n. The simulation 

for a single dc source cascaded h bridge multilevel 

inverter was simulated using MATLAB/Simulink's 

software tool under different loading conditions. 

Performance analysis was performed based on THD 

values at other load conditions. 

3 A MODEL FOR INTERPRETING THE H-

BRIDGE MULTILEVEL INVERTER 

      The H-bridge multilevel inverter virtual block is 

seen in the figure consisting of a single discontinuous 

source of DC, inverter, current calculation, and voltage 

source. Inverter switches' gate pulse is controlled by 

the modulation technique of space vector pulse width 

in phase arrangement, which contains the switch. The 

simulation for five-stage cascaded h-bridge inverters is 

performed here, so we use four carrier waves. Then, as 

in the following simulation, the reference (modulating) 

waves are contrasted with the carrier wave (triangular 

wave).Fig.3 shows simulation for cascaded H-bridge 

multilevel inverter. 

 

 

 

 

 

 

 

 

 

 

 Fig.3 simulation for cascaded H-bridge multilevel 

inverter 

 

 

 

 

 

 Fig.4 Overall diagram of IN-PHASE SVPWM in five-

level inverter 

      In the above simulation, three sine wave of 120˚ 

phase shift is converted into space vector wave to 

control the switches. The waveforms are below fig 5. 

Figure 4 shows overall diagram of IN-PHASE 

SVPWM in five-level inverter 

3.1 Output Waveform 

 

     The following waveforms are generated by using 

the workspace model in MATLAB. 

 

 

Fig.5 Three-phase sine wave with 120˚ phase shift 
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      The above sinus wave is converted into the 

modulating three-phase space vector wave shown in 

the fig 6. By comparing the minimum and maximum 

value of the sinusoidal wave, the offset can be 

achieved. 

 
Fig. 6 Three-phase modulating  wave with 120˚ phase 

shift 

 

      The above modulating wave is compared with the 

triangular waveform is below fig 7. 

 

Fig.7 Comparison of SV with the carrier 

       Finally, the output waveform for five-level phase 

voltage and line voltage can be obtained as below fig 8 

and 9. The line voltage THD obtained is 2.72%, and 

the waveform is below. The amplitude of the 

fundamental component is about Vout=221. 

 

Fig. 8 outout waveform for five level phase voltage 

 

Fig.9 outout waveform for five level phase voltage 

3.2    THD    Analysis     for     Cascaded     H-Bridge 

Inverter 

      The THD of a H- bridge multilevel inverter is 

8.49%. The amplitude of the fundamental component is 

about Vout=129.9. It is shown in Fig 10. 

 

Fig.10 THD analysis of phase voltage 

IV. CONCLUSION  

        A brief analysis on the cascaded hetero junction h-

bridge multilevel inverter with a single source has been 

provided in this article. The suggested approach 

requires the use of an inverter solved in sequence for 

each step of a motor. This method's specialty is nothing 

but the use of a single dc source by a three-phase 

inverter and capacitors are supplied to each of the 

series of connected h-bridges. Here the capacitor acts 

as a DC source for each series-connected h-bridges. It 

was confirmed with the space vector pulse width 

modulation technique that the cascaded h-bridge 

multilevel inverter is a functional innovation. It's been 

decided that the cascaded H-bridge multilevel inverter 

fits well and can be extended to a broader variety of 

scenarios. 
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